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Seed germination requirements are important for the conservation and propagation of Eucomis autumnalis subsp. autumnalis, a threatened, yet
widely utilized medicinal plant in southern Africa. In this study, conditions to maximize germination were investigated. The seeds of E.
autumnalis were subjected to various environmental factors such as constant and alternating temperature regimes, cold stratification, temperature
shifts and light/dark conditions. Effects of smoke–water and the newly identified smoke-compound (3-methyl-2H-furo[2,3-c]pyran-2-one) were
tested on germination. At 20 -C and alternating temperature (30/15 -C) under a 16 :8 h light /dark regime, germination was improved. The highest
percentage germination (100%) was achieved with a mean germination time (MGT) of 30.6T1.3 days, when the seeds were subjected to constant
dark at room temperature (25T0.5 -C). This indicates the negative photoblastic characteristic of E. autumnalis seeds. The species is associated
with high-altitude regions. Cold stratification (5 -C) for 45 days significantly improved the percentage germination (90%) as compared to non-
stratified controls (40%) when subsequently incubated at 25T0.5 -C under a 16 :8 h light /dark regime. Seeds treated with 3-methyl-2H-furo[2,3-
c]pyran-2-one and incubated in constant light or a 16 :8 h light :dark photoperiod germinated better (86.7% and 66.7%, respectively) compared to
the controls (55% and 40%, respectively). This smoke-derived compound substituted for the dark and cold stratification requirements for the
germination of E. autumnalis seeds.
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The pineapple lily, Eucomis autumnalis (Mill.) Chitt. subsp.
autumnalis (Hyacinthaceae), is one of the most commonly used
medicinal plants in southern Africa. It is ranked the fourth most
widely usedmedicinal plants in KwaZulu-Natal (Mander, 1998).
The bulbs are highly valued in traditional medicine to treat a
variety of ailments, and the plant is thus heavily harvested for
trade in South Africa’s traditional medicinal markets (Roberts,
1990; Van Wyk et al., 2000). There are several reports on the
medicinal uses of E. autumnalis (Watt and Breyer-Brandwijk,
1962; Hutchings, 1989; Roberts, 1990; Cunningham, 1991;
Hutchings et al., 1996). Ethnopharmacological investigations
have revealed and authenticated the antibacterial properties of0254-6299/$ - see front matter D 2005 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2005.06.006
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E-mail address: vanstadenj@ukzn.ac.za (J. van Staden).the leaves and underground parts (Zschocke et al., 2000; Louw,
2002). Taylor and Van Staden (2001a) indicated the presence of
cyclooxygenase-1 (COX-1) inhibitors in both aqueous and
ethanollic extracts of E. autumnalis bulbs, roots and leaves.
The existence of E. autumnalis plants in their natural habitat
is threatened by large-scale destructive harvesting for the
informal herbal trade. Consequently, the International Union
for Conservation of Nature and Natural Resources (IUCN) has
listed the species as endangered (Victor, 2000). The bulbs are
also becoming scarce at informal medicinal markets in South
Africa (Govender et al., 2001). The plant shows great
horticultural potential, and would conceivably form a profitable
small-scale crop for both the horticultural market and the
medicinal plant trade (Taylor and Van Staden, 2002).
Micropropagation protocols have been established for many
South African medicinal plant species (Appleton and Van
Staden, 1995; McCartan and Van Staden, 1998; Rabe and Van
Staden, 1999) including those of Eucomis species (Taylor andny 72 (2006) 157 – 162
wwts reserved.
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propagation appears to be more promising and cost-effective
for mass production of seedlings (Zhou et al., 2003). There is
very little scientific information available about the seed
biology of E. autumnalis, and only 65% seed germinate with
proper management (Diederichs et al., 2002). To assist in
meeting the increased demand for E. autumnalis plants, the
main objectives of this study were to determine the environ-
mental factors responsible for germination and to investigate
the influence of smoke–water and the newly identified smoke-
derived compound, 3-methyl-2H-furo[2,3-c]pyran-2-one, (Van
Staden et al., 2004) in optimizing germination.
2. Material and methods
2.1. Seed collection
Seeds of E. autumnalis were collected between March–
April (2003) from the Botanical Garden, University of
KwaZulu-Natal Pietermaritzburg, South Africa. Dehiscing
florets were collected and stored in brown paper bags for a
week. The seeds were removed from the florets for further
experimental trials. The average number of seeds per floret and
the percentage of shrivelled and non-shrivelled seeds was
recorded. Weight was determined by weighing 100 seeds of
four replicates. The moisture content of fresh non-shrivelled
and shrivelled seeds was measured by drying seeds at 110 -C.
The seeds were weighed repeatedly until a constant weight was
reached. The moisture content was expressed as a percentage of
fresh weight.
2.2. Viability and imbibition studies
Viability was determined using 2,3,5-triphenyl tetrazolium
chloride (TTC) solution (ISTA, 1999). The seeds were imbibed
for 24 h in water. After cutting longitudinally, so exposing the
embryo, they were then soaked in 1% colourless solution of
TTC for 24 h at 25T0.5 -C in the dark. Seeds with red-stained
embryos were recorded as being viable. In imbibition studies,
the seeds were placed in 9 cm disposable Petri dishes on two
layers of filter paper (Whatman No.1) moistened with 3.5 ml
distilled water and allowed to imbibe at room temperature
(25T0.5 -C). At 2 h intervals, for 48 h, the seeds were blotted
dry, weighed and returned to the wet filter paper. The amount
of water imbibed by seed is expressed as a percentage increase
over the initial seed weight.
2.3. Germination studies
Shiny non-shrivelled seeds of E. autumnalis were surface
decontaminated by immersing them in 0.1% mercuric chloride
for 2 min and then rinsing with distilled water. Four replicates
of 20 seeds were germinated in disposable Petri dishes as
mentioned above. The experiments were conducted under a
16 :8 h light / dark photoperiod with a photosynthetic photon
flux density of 45.6 (T4.8) Amol m2s1 provided by cool-
white fluorescent lamps. Germination counts were made dailyfor 40 days. Germination was considered when the radicle
protruded 2 mm. Mean germination time (MGT) was calculat-
ed by using the equation: MGT=~ (nd) /N, where n =num-
ber of seeds germinated on each day, d =number of days from
the beginning of the test, and N =total number of seeds
germinated at the end of the experiment (Ellis and Roberts,
1981). The optimum temperature for germination was calcu-
lated on the basis of constant temperature as: To=~ tp /~ p,
where p is the percentage germination at temperature t (Olff et
al., 1994).
2.4. Effect of temperature and light
To determine the effects of different temperature regimes,
the seeds were incubated at constant temperatures (10, 15, 20,
25 and 30 -C) and an alternating temperature (30 /15 -C) under
a 16 :8 h light / dark regime. For continuous dark treatments,
the Petri dishes were placed in lightproof wooden boxes at
25T0.5 -C, and germination was assessed daily under a green
‘‘safe light’’ (0.3 Amol m2s1). In continuous light the seeds
were exposed to a photosynthetic photon flux density of
40.5 Amol m2s1.
2.5. Scarification treatments
The presence of a thick seed coat was a possible barrier to
germination, thus various scarification treatments were studied.
The response of seeds to hot water treatment was studied by
immersing the seeds in boiled water and then allowing them to
cool for 5, 10 and 15 min. To examine the effect of chemical
scarification, the seeds were immersed in concentrated sul-
phuric acid (98%) for 2, 4 and 6 min and hydrogen peroxide
(10%) for 10, 20 and 30 min. After each treatment the seeds
were rinsed in distilled water to remove residual chemicals and
then tested for germination as mentioned above. Non-scarified
seeds were decontaminated with 0.1% mercuric chloride for
2 min and served as control.
2.6. Effect of cold stratification
Seeds were placed between two layers of paper towel
moistened with distilled water inside plastic bags and stored in
the dark at 5 -C for 15, 30 and 45 days, respectively. After the
desired period of cold stratification, germination tests were
performed as outlined earlier, at 25T0.5 -C under 16 :8 h light /
dark. Seeds not subjected to cold stratification served as a
control.
2.7. Phytochrome occurrence
Seeds were decontaminated with 0.1% mercuric chloride for
2 min in the dark and the Petri dishes were placed in boxes with
lids fitted with different light filters; red (1.6 Amol m2s1),
far-red (1.4 Amol m2s1), and blue (0.2 Amol m2s1). The
boxes were placed under fluorescent lamps in order to pass the
light through the filters. Germination was recorded under a
green ‘‘safe light’’. Dark incubation served as control.
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Fig. 2. Effect of different temperature regimes on seed germination of Eucomis
autumnalis under a 16 :8 h light /dark photoperiod. To = optimum temperature.
Values above bars indicate mean germination time (days). Bar values with the
same letters do not differ at a 5% level of significance.
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Germination protocols were conducted as described earlier.
The filter paper was moistened with 3.5 ml solution of smoke–
water (1 :500) prepared from Themeda triandra Forssk (Baxter
et al., 1994), or with smoke-compound (107 M). The smoke-
compound was purified from plant-derived smoke–water
according to the method outlined by Van Staden et al.
(2004). Distilled water was used as a control.
2.9. Statistical analysis
The germination data in each treatment were arcsine
transformed (Sokal and Rohlf, 1995) and analysis of variance
(ANOVA) was conducted on the transformed data. All data
were analysed using GENSTAT\ Release 4.21. The Least
Significant Difference (LSD) at the 5% level was used to test
differences between means of percentage germination (Steel
and Torrie, 1960).
3. Results
The viability of the fresh seed lot collected for experimen-
tation was greater than 98%. The average weight of 100 non-
shrivelled seeds was 1.9T0.1 g and the average number of
seeds per floret was 4.5T0.5 seeds. Approximately 90% of the
seeds harvested from each inflorescence were non-shrivelled
and the remaining 10% shrivelled. The moisture content of
non-shrivelled seeds was 36.4% while in shrivelled seeds the
moisture content was 10.9%. The water uptake of both
shrivelled and non-shrivelled seeds is shown in Fig. 1.
The seeds of E. autumnalis responded positively to both a
constant temperature of 20 -C and an alternating temperature
regime (30 /15 -C) under a 16 :8 h light / dark regime, giving
more than 50% germination (Fig. 2). At 10 -C, germination
was inhibited totally, while at 30 -C only 15% germination was
recorded. A temperature shift from 10 to 20 -C and 30 to 20 -C
resulted in an increase in percentage germination (50% and
60%, respectively). Of the three light conditions examined, the0 4 8 12 16 20 24 28 32 36 40 44 48
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Fig. 1. Water uptake for shrivelled and non-shrivelled seeds of Eucomis
autumnalis.continuous dark condition had a pronounced and significant
promoting effect, resulting in 100% germination (Fig. 3). The
control treatment and the continuous light treatment, showed
40% and 55% germination, respectively.
The percentage germination of the seeds subjected to
various periods of stratification increased gradually as the
stratification period was prolonged (Fig. 4). Forty-five days of
stratification resulted in 90% germination within 28 days,
which was significantly higher than for the non-stratified seeds
(40%).
The scarification treatments had no significant effect on
germination (results not shown). Continuous exposure of seedsLD CL CD
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Fig. 3. Effect of different light conditions on seed germination of Eucomis
autumnalis incubated at 25T0.5 -C. LD = 16 :8 h light /dark, CL = continuous
light, and CD = continuous dark. Values above bars indicate mean germination
time (days). Bar values with the same letters do not differ at a 5% level of
significance.
Table 2
Effect of smoke–water (1 :500) and smoke-compound (107 M) on Eucomis
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Fig. 4. Effect of cold stratification (5 -C) on seed germination of Eucomis
autumnalis incubated at 25T0.5 -C under a 16 :8 h light /dark photoperiod.
Values above bars indicate mean germination time (days). Bar values with the
same letters do not differ at a 5% level of significance.
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significant influence on germination (Table 1).
Seeds of E. autumnalis treated with smoke–water or
smoke-compound germinated better than controls under
constant light and 16 :8 h light / dark conditions. In constant
light, the smoke-compound improved germination significantly
as compared with the controls (86.7% as compared with 55%
for control seeds) (Table 2). The smoke–water treatment also
improved percentage germination (75%) in comparison to the
control (55%), however, this was not significant statistically. In
16 :8 h light / dark conditions, both smoke–water and smoke-
compound significantly improved percentage germination
(60% and 66.7%, respectively) over the control (40%). In this
experiment, smoke–water- and smoke-compound-treated
seeds, incubated in the dark, did not attain 100% germination,
in contrast to the control seeds.
4. Discussion
While harvesting the florets it was observed that 10% of
the seeds were shrivelled. This phenomenon of seed
shrivelling may be associated with premature dehiscence of
the floret and direct exposure to sunlight. However,
shrivelled seeds imbibed water (Fig. 1) and exhibited
approximately 40% germination when incubated underTable 1
Effect of different light qualities on Eucomis autumnalis seed germination at
25T0.5 -C
Light quality Germination (%)
Dark (control) 100T0.0 a
Red 52.5T1.1 b
Far-red 47.5T0.8 b
Blue 37.5T1.1 b
White 55.0T0.9 b
Results are represented as means (Tstandard error). Values with the same letters
do not differ at a 5% level of significance.continuous dark (results not shown). This suggests that the
embryonic tissues are not necessarily damaged during the
shrivelling process and some of the shrivelled seeds could be
germinated.
Initial observations of E. autumnalis seeds indicated the
possibility of hard seed coat dormancy. Results from different
scarification treatments showed no significant improvement in
the percentage germination suggesting that the seeds have no
coat imposed dormancy.
Temperature is regarded as one of the important factors
involved in the germination of most plant species (Probert,
2000). The effect of temperature studies on E. autumnalis
revealed that at 20 -C and alternating temperature of 30/15 -C
in 16 :8 h light /dark, 60% germination could be achieved (Fig.
2). Both low (10 -C) and high (30 -C) temperatures inhibited
seed germination. This suggests that the seeds are unable to
germinate during the winter months in high-altitude areas
where the average temperatures are below 10 -C. In this study,
even though at 20 -C, 60% germination was achieved, this
percentage is not agronomically acceptable. Not only temper-
ature, but other environmental factors such as cold stratification
and light conditions are involved in the germination process.
Our investigation with cold stratification showed that germi-
nation could be improved (>60%) if the seeds were subjected
to 5 -C for more than 30 days (Fig. 4). Results suggest that
physiological changes occurring at low temperatures act as
germination cues and can be attributed to adaptations to the
natural environmental conditions in which the species grow
(Manjkhola et al., 2003). In southern Africa, where winter lasts
for a period of three to four months, seeds would naturally
undergo cold stratification resulting in high germination during
early summer. Cold stratification is reported to increase
gibberellin and decrease inhibitor concentrations in seeds,
which in turn, may improve germination (Frankland and
Wareing, 1962).
Light plays a crucial role in germination, with light quality
rather than quantity being more important (Casal and Smith,
1989). To investigate the possible involvement of phyto-
chrome being involved in E. autumnalis germination, seeds
were exposed to continuous irradiation of different light
qualities. Exposure of seeds to red, far-red, blue, and white
light induced no significant difference in percentage germi-autumnalis seed germination under different light conditions at 25T0.5 -C
Light condition Treatment Percentage germination
Constant dark Control 100T0.0 a
Smoke–water 78.3T0.4 be
Smoke-compound 80.0T0.4 be
Constant light Control 55.0T0.0 e
Smoke–water 75.0T0.8 be
Smoke-compound 86.7T0.2 b
16 :8 h light /dark Control 40.0T1.2 f
Smoke–water 60.0T1.0 e
Smoke-compound 66.7T0.6 be
Results are represented as means (Tstandard error). Values with the same letters
do not differ at a 5% level of significance.
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slight or absent. In the case of E. autumnalis, 100%
germination was achieved under dark conditions, while only
55% germination was recorded when the seeds were exposed
to continuous light and 40% when exposed to alternating
light / dark (16 :8 h) regimes (Fig. 3). Kendrick and Frankland
(1969) concluded that phytochrome controls the germination
of negatively photoblastic Amaranthus caudatus L. seeds
through high irradiance responses (HIR). Von Arnim and
Deng (1996) reported that rapid germination of mutant
Arabidopsis seeds incubated in the dark is controlled
primarily by phytochrome B (phyB). Takaki (2001) suggested
that forms of phytochrome in controlling germination should
replace the term photoblastism and that negatively photo-
blastic seeds have phyA controlling germination under the
high irradiance response. The results from this study suggest
that the seeds of E. autumnalis are negatively photoblastic.
Whether phyA or phyB is involved in controlling germination
of E. autumnalis seeds is unknown. A negative effect of light
on germination is not a common phenomenon in seeds.
However, similar results have been reported for Amaranthus
albus L. (Taylorson, 1991), Bromus sterilis L. (Hilton, 1982)
and Passiflora incarnata L. (Benvenuti et al., 2001).
Smoke produces dynamic stimulatory effects on seed
germination in species from both fire-prone habitats and fire-
free habitats (Drewes et al., 1995; Pierce et al., 1995; Thomas
and Van Staden, 1995). Although the chemical identity of the
main active compound from smoke has only recently been
discovered (Flematti et al., 2004; Van Staden et al., 2004), the
remarkable effect of smoke on seed germination is widely
known and has been utilized in various ways (Roche et al.,
1997; Brown and Van Staden, 1997; Van Staden et al., 2000).
In this study smoke–water and smoke-compound had a
promotive influence on E. autumnalis seed germination. The
smoke-compound reduced the inhibitory effect of light result-
ing in higher percentage germination in the light. A similar
phenomenon was observed in negatively photoblastic seeds of
Syncarpha vestita (L.) B. Nord., in that the presence of smoke-
extract caused seeds to germinate in the light (Brown and Van
Staden, 1997). This reveals that the smoke-compound may
interact with the phytochrome system of seeds. It has been
suggested that smoke-extract interacts with gibberellins,
cytokinins, abscisic acid and ethylene in photoblastic seeds
(Van Staden et al., 2000).
The present germination studies have identified the main
environmental parameters required for the germination of E.
autumnalis. Light exposure had an inhibitory effect on
germination. Cold stratification (5 -C) for 45 days inactivated
the inhibitory effect of light and enhanced the percentage
germination at 25 -C under a 16 :8 h light / dark photoperiod.
Control seeds incubated at 25 -C in the absence of light
resulted in 100% germination. Therefore, it is recommended
that E. autumnalis seeds be sown at depths where light is
restricted or cold-stratified before shallow sowing to maximize
germination. Alternatively, E. autumnalis seeds can be treated
with smoke–water or 3-methyl-2H-furo[2,3-c]pyran-2-one to
achieve optimum germination.Acknowledgements
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